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Pinus halepensis, introduced into South Africa from the Mediterranean basin in the mid-nineteenth century, has 
become an important weed in the fire-prone mountain fynbos of the Cape Province. The age structure in a self-
sown stand of P. halepensis at Miller's Point near Simonstown was determined in 1986 from counts of growth 
rings. The oldest tree at the site was 58 years old but only two of the 657 trees that made up the 1986 stand 
were present before the last fire in 1972. Nearly 50% of the surviving trees established within 1 year of the last 
fire and less than 1 % of the surviving trees established more than 4 years after the last fire. Seedling regeneration 
after a fire in part of the stand in March 1986 was prolific and an average of 465 seedlings were counted on six 
50-m2 plots 8 months after the fire. The survival and proliferation of P. halepensis is ascribed to the early attain· 
ment of reproductive maturity and the ability of seeds to germinate and establish in the immediate post-fire 
environment. 
Pinus halepensis, wat in die middel van die negentiende eeu vanuit die Middellandse See·gebied na Suid-Afrika 
ingevoer is, het in die Kaapse bergfynbos 'n belangrike indringerplant geword. Die ouderdomstruktuur van 'n 
opslagstand van P. halepensis by Miller's Point, naby Simonstad, is in 1986 deur middel van die telling van jaarringe 
bepaal. Die oudste boom in die perseel was 58 jaar oud, maar slegs twee van die 657 bome wat in die 1986-stand 
voorgekom het, was alreeds teenwoordig voor die vorige brand in 1972. Amper 50% van die bestaande bome 
het binne 'n jaar na die vorige brand gevestig terwyl minder as 1 % van die bome na meer as 4 jaar gevestig het. 
Die regenerasie vanaf saad in 'n gedeelte van die perseel wat in Maart 1986 gebrand het, was baie groot. Agt 
maande na hierdie brand is 'n gemiddelde van 465 saailinge op ses 50-m 2-persele getel. Oorlewing en vermeer-
dering van P. halepensis word toegeskryf aan die vroee bereiking van voortplantingsrypheid en die vermoe van 
saad om te ontkiem en te vestig onmiddellik na 'n brand. 
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Introduction 
Pinus halepensis Mill. (Aleppo pine) was introduced into 
South Africa in around 1830 (Shaughnessy 1986). Although 
not used for large-scale afforestation, the species has been 
planted as an amenity and ornamental tree throughout 
southern Africa (Poynton 1979). The species has become 
naturalized in parts of South Africa (Wells et al. 1986; 
Macdonald et al. 1987), and is an important invasive plant 
in the fynbos biome of the southern and south-western Cape 
Province (Macdonald & Jarman 1984). It forms dense stands 
that resemble young Aleppo pine forests of the Mediterranean 
region (Figure 1). Self-sown stands of P. halepensis are less 
widely distributed in the fynbos biome than those of either 
P. pinaster Ait. or P. radiata D. Don., both of which were 
Figure 1 Pinus halepensis forest 15 years after fire in southern France 
(Photo: L. Trabaud). 
planted far more widely for timber (Poynton 1979). These 
three species all have persistent serotinous cones, show ap-
parently similar responses to fire, and sometimes occur in 
mixed stands (Richardson & Brown 1986; Richardson un-
published). Thickets of alien trees and shrubs have radically 
altered biotic and abiotic features of the fynbos landscape 
(Macdonald & Richardson 1986) and pose a major problem 
for natural resource managers (Macdonald et al. 1985). 
Recurrent fire at intervals of between 6 and 40 years is a 
natural feature of mountain fynbos (Kruger & Bigalke 1984). 
Fire is a major determinant of community composition in 
Mediterranean-type ecosystems (Trabaud 1981) and is an 
important factor in the ecology of biological invasions of these 
regions (Kruger et al. 1986; Kruger et al. in press). An 
understanding of the relationship between fIre and population 
processes of serotinous alien plants is essential for the formu-
lation of management guidelines for their eradication (Kruger 
1977; Richardson & Brown 1986). 
This paper presents data on the population age structure 
of an unburnt P. halepensis stand and post-fire recruit-
ment in a 7-month-old stand. The role of fire in the re-
generation of P. halepensis in mountain fynbos is discussed 
and compared to regeneration patterns in the Mediterranean 
region. 
Study area 
The study site at Miller's Point (34°Ol'S; 18°24'E) is situated 
near Simonstown on the Cape Peninsula, South Africa. The 
site is located on the exposed east-facing slopes of the Swart-
kopberge, 30 m from the high-water mark at an altitude of 
30 m above sea level. Soils are sandy lithosols weathered from 
granitic parent material but overlain by sandstone colluvium 
in places. The natural vegetation (mesic mountain fynbos 
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Figure 2 A dense stand of Pinus ha/epensis 14 years after a fire at 
Miller's Point, Cape Peninsula. 
sensu Moll et al. 1984) has been replaced by a dense stand 
of P. halepensis (Figure 2). A fire burned through a section 
of the stand in March 1986. Climate is typically mediter-
ranean, Koppen's (1931) humid-mesothermal (type Csb). 
Annual rainfall is about 700 mm, most of which falls between 
May and August. 
Methods 
Population age structure 
One 30 X 30-m plot was positioned in an unburnt section 
of the stand. All P. halepensis trees in the plot were felled 
just above ground-level and a disc was collected from the basal 
section of each tree (10 - 50 mm above ground level). Trees 
were aged by counting the growth rings on discs. In most cases 
it was possible to age the trees by scraping the cut surface 
with a sharp blade and counting the rings, using a x 10 lens 
when necessary. Where the rings were indistinct, discs were 
sanded and examined with a x 50 dissection microscope. In 
all cases, the age was recorded only after consensus had been 
reached by two independent assessors. The presence of charred 
dead trees was noted. 
Fire history 
The fire history at the site was determined by dating fire scars 
on the two largest trees in the 30 x 30-m plot. Discs were 
taken from the basal section of the trunks and sanded. Growth 
rings and fire scars were well developed and clearly visible. 
Fecundity and recruitment 
Six 5 x lO-m plots were set out at random in the burnt area. 
All trees in this part of the stand were killed in the 1986 fire 
but the charred stems were still standing at the time of the 
survey. Almost all cones that had not yet opened at the time 
of the fire were retained on the trees as very few cones were 
found on the ground. Open cones were consumed by the fire. 
Dead adults and live seedlings were counted in each plot. 
Cones were counted on all trees and on the ground in each 
plot. The relationship between the density of adults and the 
number of cones per tree and the total number of cones per 
plot was examined. To determine whether the level of post-
fire recruitment was controlled by the size of the seed bank 
in the canopy in the immediate vicinity, the relationship 
between the number of seedlings in each 50-m2 plot and the 
total number of cones and number of adults in the plot was 
examined. Regression equations were fitted using the NON-
LIN procedure of the OXFORD statistical package (Com-
monwealth Forestry Research Institute, Oxford, England). 
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Results 
Population age structure 
Of the 657 live P. halepensis trees in the 30 x 30-m plot in 
1986, only two (0,3070) were older than 14 years (Figure 3). 
These trees were 58 and 49 years old and survived the fire 
in 1972 when they were 44 and 35 years old respectively. One 
large tree was killed in the 1972 fire but it was not possible 
to determine the age of this tree at the time of the fire. More 
than 50% of the trees in the plot were 14 years old; these 
trees became established within 1 year of the fire. More than 
70% of the trees became established either in 1972 (the year 
of the last fire) or in 1973. By 1975 (3 years after the fire), 
stand density had reached 91 % of the 1986 level. Recruitment 
of seedlings continued until 1979. No trees surviving in 1986 
became established between 1979 and 1985. 
Fire history 
Fire scars on the oldest tree provided evidence that fires had 
occurred in 1948, 1962 and 1972 (Figure 4). If the dates of 
establishment of the two old trees in the plot (1928 and 1937) 
are indicators that fires occurred in these years, then five fires 
occurred in the period from 1927 to 1985. If the 1986 fire 
(which did not burn through the entire stand) is taken into 
account, six fires occurred and the mean period between fires 
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Figure 3 Age structure in a stand of Pinus ha/epensis at Miller's Point. 
Numbers above bars are the numbers of trees in each age class. The 
age structure was determined by counting growth rings on 657 trees. 
The fire history was determined by ageing fire scars on the oldest trees. 
Figure 4 A disc from the basal section of a 58-year-old Pinus ha/epensis 
tree at Miller's Point on the Cape Peninsula. The tree established in 
1928 and survived fires in 1948, 1962 and 1972. 
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Table 1 The distribution of adults, cones and seedlings of Pinus halepensis in six 50-m2 plots at Miller's Point 
in November 1986, 8 months after a fire. Figures in parentheses are standard errors of the mean 
Number of dead Total number of cones Mean number of Number of cones Number of Adult: seedling 
Plot adults on dead adults cones/tree on ground seedlings ratio 
23 649 28,2 (7,2) 4 329 I: 14,3 
2 41 628 15,3 (2,2) I 469 I: 11,4 
3 51 872 17,1 (2,6) 38 460 I: 9,0 
4 80 636 8, I (0,8) 10 548 I: 5,9 
5 14 440 31,4 (8,7) 4 317 I: 22,6 
6 30 444 14,8 (3,0) 14 669 I: 22,3 
Mean/ 
plot 39,8 (9,6) 611,5 (65,2) 19,1 (3,6) 11,8 (5,6) 465,3 (54,5) I: 14,3 (2,74) 
All plots 
combined 239 3669 15,4 (1,2) 71 2792 I: 11,7 
since 1928 is 11,6 years (minimum 
14 years; S.E. = 1,03). 
Fecundity and recruitment 
9 years; maximum 
Between 329 and 669 seedlings 50 m - 2 (6,6 -13,4 seedlings 
m - 2) were counted on the six 50-m2 plots (Table 1). On the 
same plots, between 14 and 80 dead adult trees were counted 
and the number of cones on these trees 8 months after the fIre 
varied from 440 to 872 per 50-m2 plot. The number of cones 
per tree varied from ° to 141. The number of cones per tree 
(Y) differed signifIcantly between plots (F = 7,32; P < 0,0001; 
one-way ANOV A) and declined with an increase in the tree 
density (X) (Y =6,21 + 379,81 X; ? = 0,82); individuals 
in crowded populations are less fecund than those in sparse 
populations (see Discussion). Between 1 and 38 cones were 
found on the ground in the plots. Seedling density in the plots 
was poorly correlated with the number of cones retained on 
trees and with the number of adults on the plots (? = 0,020 
for number of cones and? = 0,379 for number of adults). 
Population density and recruitment rate are therefore poorly 
correlated at a scale of 50 m2• This was expected as seeds are 
dispersed by wind and may only reach the ground at a con-
siderable distance from the parent (see Discussion). 
Discussion 
Population dynamics and life-history strategies of 
Pinus halepensis 
Correlating fIre history with the population structure is a useful 
method for assessing regeneration after fIre and for elucidating 
life history strategies (traits that affect reproductive survival) 
of Pinus halepensis in fynbos. There are four important 
features of the age structure histogram of P. halepensis at 
Miller's Point (Figure 3) that must be considered when 
assessing the life-history strategies and the role of fire in 
regeneration. These features are listed and the ecological 
significance of each is discussed in Table 2. 
Preadaptation of Pinus halepensis to the fynbos fire 
regime 
The local fire regime, and fire frequency in particular, has 
been important in structuring the P. halepensis stand at 
Miller's Point. The approach used in this study does not 
provide a basis for the reconstruction of year-to-year variations 
in natality and mortality; it only reveals the current age 
structure, a bulk account of recruitment and mortality in the 
interval since colonization of the site. The fire history for the 
site shows that fIres have occurred every 11,6 years on average 
over the past 58 years. Although it is not possible to express 
Table 2 Features of the age structure of Pinus hale-
pensis at Miller's Point (Figure 3), interpretation of the 
observed pattern and the significance of the features 
for P. halepensis as an invasive plant in fynbos 
Features of the age Interpretation 
structure histogram 
Oaly 2 trees are 
older than 48 years 
No trees are be-
tween 15 and 48 
years old 
Survival of fire 
is rare 
All trees younger 
than 35 years old 
were killed in the 
1972 fire 
Over 50070 of trees Fire stimulated 
are 14 years old seedling recruit-
and 91 % of trees ment 
are between II and 
14 years old 
Significance for P. 
halepensis as an invasive 
plant in fynbos 
Fire survival is not 
essential for perpetuation 
and growth of the 
population 
Perpetuation of the 
population is achieved 
by recruitment of new 
stands after fire. For 
this reason, the attain-
ment of reproductive 
maturity in the interval 
between fires is 
important 
Fire stimulates rapid 
population growth by 
causing the simultaneous 
release of the canopy-
stored seeds . Fire also 
creates favourable condi-
tions for germination 
and establishment 
No trees are 
younger than 7 
years 
No seeds germi- Disturbance in the form 
nated more than 7 of fire is required to 
years after the fire induce proliferation 
or seedlings were 
unable to survive 
in the 7 -year -old 
stand 
the population growth associated with each fire, it is evident 
that the prevailing fire regime has permitted the perpetuation 
of the species. Aleppo pine forests in southern France burn 
on average every 25 years (Le Houerou 1981) and yet fIres 
at intervals of between 9 and 14 years have not excluded P. 
halepensis from the Miller's Point site. The juvenile period 
of P. halepensis in France is at least 10 years (Trabaud & 
Chanterac 1985) but Nahal (1962 in Acherar et al. 1984) states 
that fertile seeds are seldom produced before 20 years after 
a fIre. An examination of closed cones on 20-year-old trees 
near Montpellier in southern France, revealed that 5-year-old 
cones held viable seeds, indicating a juvenile period of at 
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least 15 years (F.l. Kruger & D.M. Richardson, unpublished). 
It is not known when fertile seeds are first produced in 
South Africa but the prolific seedling recruitment after 
fire in the 14-year-old stand indicates that maturity is 
reached before 14 years. Whether one intense fire fol-
lowing a previous fire at an interval less than the juvenile 
period of P. halepensis would eliminate the species at the site 
would depend upon: (1) the size of the fire; (2) the distance 
from the nearest alternative seed source; and (3) the influence 
of biotic agents that prevent immigrating seeds from germi-
nating or seedlings from becoming established. It appears that 
the survival and proliferation of P. halepensis at Miller's Point 
can be ascribed to the early attainment of reproductive 
maturity and good germination and establishment in the 
immediate post-fire environment. Fire survival by adults is 
rare but the contribution of seeds from fecund adults is 
important for re-establishment following fires at short intervals 
and also for dispersal to new areas. 
Preadaptation to other biotic and abiotic features of 
the fynbos 
Seeds of Pinus halepensis show no adaptation for persistence 
in the soil for periods longer than the average interval between 
fires in fynbos (pers. obs.). Reproduction is from seeds which 
are released from cones that often burst during a fire (Le 
Houerou 1973; Naveh 1974, 1977). Fire in natural Aleppo 
pine forests in the Mediterranean basin usually kills P. 
halepensis adults, and perpetuation of the population is 
achieved by the recruitment of new stands after fire (Le 
Houerou 1973). These stands may be even-aged or nearly 
even-aged (Le Houerou 1973), or may contain trees of all ages 
(Trabaud et al. 1985). The stand initiated by the 1972 fire 
at Miller's point consists of trees aged between 7 and 14 years 
with only a very small number (0,3070) older than 14 years. 
More than 50070 of the surviving trees established within 1 
year of the fire. In a study of the colonization of abandoned 
vineyards in southern France by P. halepensis, Acherar et al. 
(1984) found that seedlings were intolerant of competition 
from grasses and suggested that this may limit colonization 
where grasses are abundant. This probably accounts for the 
observed differences in age structures of different populations 
in France; P. halepensis seedlings are excluded from environ-
ments that support dense grass swards in the immediate post-
fire phase. Kruger et al. (1986) have suggested that one reason 
for the success of alien trees and shrubs in fynbos is that 
crowding of the alien seedlings causes little increase in mor-
tality. A high rate of survival for seedlings and weak self-
thinning in adults gives rise to dense thickets. The results of 
this study suggest that fecundity of individual P. halepensis 
trees in a 14-year-old stand declines with an increase in stand 
density. This strategy, as an alternative to self-thinning, results 
in dense stands that displace competitors including conspecific 
seedlings of late-germinating cohorts. This results in the 
dominance of cohorts that establish within 2 years of the fire. 
The winged seeds of P. halepensis weigh 20 mg (Acherar 
et al. 1984) and are lighter than those of P. pinaster (57 mg) 
and P. radiata (24 mg) (van Wilgen & Siegfried 1986), both 
of which spread over large areas in the fynbos (Kruger 1977; 
Richardson & Brown 1986). This implies that the seeds of 
P. halepensis are well adapted for dispersal by wind in fynbos. 
Conclusion 
This study has provided some information on the relationship 
between fire and population processes for Pinus halepensis 
in fynbos. Like P. pinaster and P. radiata, P. halepensis shows 
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rapid population growth after fire in fynbos. The relatively 
limited extent of invasion by P. halepensis is possibly due 
to the very limited use of this species for afforestation and 
thus limited availability of seed to initiate invasions. P. 
halepensis is, however, widely distributed in the south-western 
Cape, and its relatively limited success may indicate that the 
environment of soil and climate in much of the area invaded 
by P. pinaster is outside the tolerance of this species. P. 
halepensis and P. pinaster do not occur sympatrically in 
southern France (L. Trabaud pers . comm.); P. halepensis 
appears to be restricted to calcareous soils with relatively high 
pH, whereas P. pinaster occurs on siliceous soils with low 
pH (Poynton 1979). This suggests that P. halepensis has 
limited potential to invade areas with acid, highly leached soils 
derived from quartzitic parent material. Granite soils, with 
higher concentrations of nutrients, appear to be more sus-
ceptible to invasion by this species. 
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